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SB AND PROCESS FOR PRODUCING 7T -CONJUGATED ORGANIC MATERIAL OF POLYCYCLIC FUSED RING TYPE 

OO (57) Abstract: A K -conjugated organic material of the polycyclic fused ring type which is obtained by reacting a linear hydrocarbon 
00 comprising a triple bond and a hydrocarbon which is a benzene ring having an organosilicon as a substituent (an arylacetylene 



OO 



compound or phenylacetylene compound) with a metallic reducing agent to cause an intramolecular reductive cyclization reaction 
to proceed between the silicon and a carbon having the triple bond; and a process for producing the 7t -conjugated organic material 
of the polycyclic fused ring type. The 71 -conjugated organic material of the polycyclic fused ring type is applicable to luminescent 
materials, e.g., an organic electroluminescent (EL) element, and charge-transporting materials. 
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&©-oi Lt#(fbHTV^o ^©I^^iiLT, T IE <7) trans-;* 

yfy [2, i- a ]-r >x 1 1 fcft\,^i&ytm^-i&m$:%wi: z z> 

r t # S £P b tVT V N -5 (J. Saltiel, A. Marinari, D. W. L. Chang, J. 
C. Mitchener, and E. D. Megarity, J. Am. Chera. Soc. , Vol.101, 
pp2982 (1979). J. Saltiel, 0. C. Zafiriou, E. D. Megarity, and A. 
A. Lamola, J. Am. Chem. Soc, Vol.90, pp4759 (1968)) 0 
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^tite, i/? n > ? v is <d >r << mmm&x* h Z> 7 > ? a^^jr 

^^tLT^S^fjT-fcS (M. Uchida, T. Izumizawa, T. Nakano, S. 
Yaraaguchi, K. Taraao, K. Furukawa, Chem. Mater., Vol.13, pp268 
(2001)) 0 

^ <D X 5 i:Lt(t 5, 5, 10, 10-r h 9 * 5^-5, 10-i? 1/7- 

5, 10-^t Ko^yf ; [2,i-a]^yfy^\ Tteos^sS; (1) 

■%fe\Z. «£ 9 ^ t ib*LT^5 (M. Serby, S. Ijadi- 

Maghsoodi, and T. J. Barton, XXXIIIth Symposium on Organosi 1 icon 
Chemistry, Abstract No. PA-35, April 6-8, 2000, Saginaw, 
Michigan, USA) 0 
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m w <o m ^ 

i o 3 ~i o 8 -Qth z> d <t «b Sb^-^^-^^^ x u^(Dmm^m 

£>5£ ( l ) 




(1) 



[St (1) R 1 , teXXfR 2 , it, ^tL^tL^5z^, TK^i!^^-, T 

V — si- T * ;^ ^ sf & , TV — /vr ;^tr — /i^S, T V -/U7^^-/vl 
, Ift-yy/^^v/i, lfffi go ^ fit it S , 7yft7/^^I, £fcte^ 
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]) — /U T A * jV S , TD-zl'ftl, X l> — A- T /V =*r A- ^ ^" S , TU- 
A T A ^ =- /V S , T y — /V T A — A £ ^ , T A > M , T V — As it 

y^M, T 5; / T A * JV S , T^ndpv'T^^/l/l, A !7 £ , ffi 
10 S^^L, m|il~5 0ff)|^H, n«0~4<Z>fi££r£5] Kl T ^ £ 

15 ^T't5o 

*5 , rmfj: 1 ~ 5 0 ©HI: i 9 J . m W 1 ^ P> 5 0 * V <D W. 9k 
{SItlfr\Z.&fe £ tl% Z. t r n 0 ~ 4 eolith i § J tt % 

0 ti*b 4 * 7? ay M iz. JSt M £ ti . ^o n ^0~3Oi§i44 <b 

20 5 0 

*%>W<D £ b Kite© S #K flrflJL *3«fct*ffi*Lfc,£tt:, ^ T tc ^ 1~ f a igj 
L ©tfcPJ X*W e Kl ft -5 T* to 5 5 . 
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Y = Br, I 



1 ) base 

2) R 1 R 2 SiYV 




iR 1 R 2 Y 1 



12 2 

SiR R Y 



1 2 2 

SiR R Y 




(15) 



m 



SiR R Y 



z>mt*E.m,® {&mmmm7i&'&mm*n) m^it-kmo^, (i 5) 

(polyynes) t'fcotfci^, 

±te(D5t (15) x^ £thz>ik&m^m-tz&i$M^^\<^xmw 
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t5. ±12 5ft (ID CT^tj:9l^ 5ft (16) -evT^nsilH- 

fcfc, R 1 R 2 S i Y 8 Y 9 (D-|S:5ftT-^ $ tb^^a^-Y iMI-C'ISt 5 

:iiat), 5ft (15) r*^ £ nzik&vvz^j&i- 5 :i:^T't5 0 

ft 1^3 LTtt, n-B u L i , s-B u L U t-B 

tf> 0 tert-B uLi (t-BuL i) ^i^t, ilHTiDTHF^T* 

^fc, ^y-r Sff«R 1 r 2 S i Y 8 Y ^C&VMT, Y 8 Y 9 f3, ^tlf 
tl4£3£(31, zfc?!!!!^, ^n^ygf, T^^^r^S, T/l-^^^-^-S, T 

5ft (15) djo^T, Y\ Y 2 t b T , *mj5f(^ £*:JiT/v=< ^ri/S 
^^ttltfe?). Y\ Y 2 (D'J>te < <?r k-^zk^Jj^Tfc^^, ^ 
f&i-m^^Z^m^-fm&MR 1 R 2 SiY 8 Y 9 tUli, R*R 2 S i H 2> 
R'R^iHCl/^'MT'^, Y\ Y 2 ^7;^^f^lT'ib5| 
^J5jcfcm^«^ imi£R 'R 2 SiY 8 Y 9 HTIt R 1 R 2 S 
i (OR) 2 , ^;liR ! R 2 S iCl (NR 2 ) fr&mT*% Z> 0 '&%<DW; 

^cii, R i R 2 sici ( n r 2 ) t- M.BLj&£^ti'&, mm^-ric z 

H^T, iufE^^ftiMTcftSite^^l-o^T % TfE?>^j£5ft (ill) (c 
£ <5 # gfc ^ 5 . 5ft (1 5) t?^&;h,3<fc^*^&JRa*5ca!ltKJE££-t2:5 
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reductant 




R-lm 



(15) 



(1) 



^ (on. temmitm t utit y^?^, y ^-^ a^-^ u~ k, y^- 

20 !7^tf7^~y K, y^^A(4,4' -^-tert-/f ^t"7x^ U K) , ]) =f- 

, t H thy !)At7;?U=K, t Ml ? A If 7x= U K, "7" I- 

1)^(4,4' -^-tert-y^yU t* 7 * = y K) , t h !i ^[8-(N,N-^> f 

^7W)t7^i/-K], h y * ^/^-fbr ^^ = 7, #y?A, # y 
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2) electrophile 
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(iv) K:*-c5tlftM-t-5. *1\ ±f5^SJ^^: ( i v) tc^-f «t 5 
5£ ( 1 ) T-^ $ tiZ<k&®<D ? it (l 7) ©Wa&Srfcofls-g-ilfefcjDSCJH. 
fcJBv^ r ft&fttt&JRt&S^&S L^-/u h */Mfc$rffv^ it (1 3) 

:t^^JS4kSf«t Lttt, n-B u L i , s-B u L i , t-B u 
L i ft ^0^$$ y ^ -7 Af£^, T/^/^^v/^T^ 
10 i/ ? Li [ t - B u 2 Z n TM P ] ( T M P : 2, 2, 6, 6-7" h 

7 ^ fc^ ]) Vl/) t£ ¥<DM$&T— hlgftfc 5 (/Min-B u L i /tert-B 
u OKMI^lfl 6 0 Z<D ? ib, sec-B u L i ^ffl^TTH F *p 

T*p< */Wb£r*r o t £ „ ftfcJlx^iS J:v^„ 

* fc, d y Wb#J £ LTfi. ICH 2 CH,I, I 2( Br 2 , 

15 ICl.NI S,NBS,BrCH 2 CH 2 Br,BrCl 2 'CCCl 2 Br,* 
tzItiB r F 2 C C F 2 B r ^ £ ffl "C # 6 , 

*m^'l4^ ? fritffl t LTliM e 3 SnCl,Bu 3 SnCl,Ph 
3 S n C 1 , R 3 S i C1,R 2 S i (OR)Cl,RS i (O R) 2 C 1 , S i (O 
R) 3 C 1,R 2 S i F 2 ,RS i F 3> B(OR) 3 ,(i P rO)B(-OCH 2 CM 
20 e 2 CMe2CH20-),ClB(NR2) 2 ,MgCl 2 ,MgBr2,Mg I 2> 
ZnC l 2 ,ZnBr 2 ,Zn I 2 ,^fcliZnC 1 2 (tmen) if JB T* # 5 
(IfiL, ±5$<£> R li7/VJf/uS^*f ) o 
fit^-C, (4) -e^$tLSi»9jSUJ^ffiS:^tfi«^^<b^#l (K^# 
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^ (i 3) fc s wist (i 4) x'TFZtiz-gmm* h^mmwzmPt 

, ffl -st iiie,R;£, lI-iHSJ^> ?#S* 

CiO, Suiizti Lfcit (7) - (12) T'^$^S^/^-<t <D*fi^f££ 

io cmtfll l ] 

O^^^^^-A^r, ^T©S^S (V) liSd#£JlTl: 
*#MC % S (15) icT^$ti§li^fb^iio-^lt LtiD, tf^[2- 

(jc h ^ >v?7< y /W)-5-(* h^^)7x=/k]7tf L^y(2 b a ) 

15 (D&J&jjtkKo^X TU(0^lt^. (V) {dS^VN-rt^B^-r 5o 

\^m\ b (5.50 g, 13. 9 mmol) <D v 5 ^ — (280 mL) 

n-^f /HJ <$- $ J±/^*rf (1. 6M, 18. 6 mL, 29. 8 mmol) & , -3 

5gt*lTbT^tfc 0 -30 ° ° fafe % ft #> h 4 B# HQ 

Jf # b fc ^ , SJS^tf: (N,N-^xf /U7 $ / ) ^'y f p d y 7 V 
20 (5.0 g, 30.2 mmol) 25 ° CT 5^Pfl^lttST Lfc. 

Jt^bfCo xf/l/7/V3 — (3. 7 mL, 63. 4 mmol) & «fc TJSift^b 7 

y^xr)A(0.40 g, 7.5 mmoD^iBi, 2 3 ^Fs1^?fiT* jl^ L fc 
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1 2 

# h tltzt&&%0 £ 7 n y v^/U^ 7 A * n h ^ 7 7 >f — (100 ~ 200 
mesh, 5/1 hexane/AcOEt) ia^iMt5:Ma^ I Wt) 2 b a 
(5. 85 g, 13. 2 mmol) Sr II t L T UK * 9 5%tf#5: ii^*fc. 
SiS^ (V) 



10 



L5 



20 




1 ) n-BuLi 



1a (R = H) 
1b (R= OMe) 



2) (Et 2 N)Me 2 SiCI 

3) EtO H/NH4CI 




iMe 2 X 



XMe 2 Si 




Lior LiNap^ 
THF, rt 




2aa (R = H,X = OEt) 43% 
2ab (R = H, X = H) 66% 
2ba(R= OMe,X= OEt) 95% 
2bb (R = OMe, X = H) 93% 
Me Me 

\/ vOMe 



1) s-BuLi ^ 

2) ICH 2 CH 2 I 




MeO 



3a (R = H) 53% (use LiNaph, from 2ab) 

61% (use Li, from 2aa) 
3b(R = OMe) 72% (use U, from 2ba) 



>(2-EtHexyl) 



n 

Me Me 
4 17% 



(2-EtHexyl)0 




Pd(PPh 3 ) 4 /Cul 
toluene//-Pr 2 NH 




5 82% 

#btbfcg^]^2baO^'t4{i:^ 1 H NMR , 13 C NMR , 29 Si 

l H NMR (CDC 1 3 ): 5 0.48 (s, 12H), 1.20-1.24 (m, 6H) , 
3. 72~3. 79 (m, 4H) , 3.82 (s, 6H), 6.90 (dd, J = 2. 4 and 6.0 Hz, 
2H), 7.12 (d, J = 2. 4Hz, 2H) , 7.56 (d, J = 8. 4Hz, 2H) C 

13 C NMR (CDC 1 3 ) * 8 0.72, 18.67, 55.15, 58.75, 92.73, 
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113,66, 117.38, 129.26, 131.60, 135.88, 160. 21„ 
29 Si NMR (CDC 1 3 ) : 5 6. 46 c 

Anal. Calcd for C 24 H 3 4 0 4 S i 2 : C, 65.11; H, 7.74. Found: 
C, 65. 37; H, 7. 79. 

5 ±IES^SC (V) |:*tte©^MJHt<7), t^[2-(^h^ 

*S 9 J* ^/Isz/V JV)7 ^-/^T-KJ- UV(2 a a MCO^Ttftej-T & 0 

ik^Sfo2 a ate, {b^«2b a <£> fife £ IrI & <0 <D ^ (21 J: 9 # h 
tltc 0 ZKDI&mte, 4 3%Tfcofc 0 

# b tltc B 2 a a <D % ft £ 1 H NMR , 13 C NMR N 29 S 

10 i NMRICt^tlftljffl^L, ^tb^^^m^aTt-^ Lfco 

l H NMR (CDC 1 3 ): 6 0.52 (s, 12H), 1.21-1.25 (m, 6H) , 
3.75-3.82 (m, 4H) , 7.33-7.40 (m, 4H) , 7.53-7.58 (m, 2H) , 7.65- 
7.68 (m, 2H) 0 

13 C NMR (CDC 1 3 ): 5 -0.88, 18.62, 58.87, 93.19, 127.37, 
15 127.98, 129.28, 131.90, 134.26, 140. 42 e 
29 Si NMR (CDC 1 3 ): 5 6. 59 e 

_hfESJ£5£ (V) {C^-T £ b fcmoM t LT?), \?Xl2-(i?* 
V h= J E"V')7xr:/V]7tf Uy(2 b b ) tdO V^Tl^i^-r 

20 -fb^^ 1 b (2.87 g, 7.25 mmol) <D ^ ^ ^ ,v ^ — 7 1 A' ^ fl£ (145 raL) id 

n-/f /M f !)A/-.^rty^i(1.6 M, 9. 7 mL, 15. 52 mmol) & , -3 
5^-efiTUfc 0 3 omfrb - 2 5 SiC^^^i^-t, ib 

4B|f|I#tfcf , ^^f/^DP->7>(2.5 mL, 22. 5 mmol) £ - 7 8 
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, lW2bb (2.38 g, 6. 71 mmol) 3r 6 £ @ # t L T UX ^ 9 3 % T*# 
Sli^tf f Co #f)tLfcSW^2 b b£DittI^'H NMR x ,3 C 
5 NMR , 29 Si NMR (CT^rtL-etL^J^ ^ CO fa ^ £ T ^ ^ 

*H NMR (CDC 1 8 ): 8 0.42 (d, J = 3. 9 Hz, 12H), 3.82 (s, 
6H), 4.59 (m, 2H) , 6.89 (dd, J = 2. 4 and 8.1 Hz, 2H) , 7.08 (d, J 
= 2.7 Hz, 2H), 7.46 (d, J = 8. 1 Hz, 2H) C 
10 1 3 C NMR (CDC 1 3 ) : 8 -3. 42, 55. 18, 92. 45, 113. 79, 

117.22, 129.90, 130.91, 136.11, 160. 18 Q 
29 Si NMR (CDC 1 3 ) : 8 -17. 38 G 

Anal. Calcd for C 20 H 26 O 2 S i 2 : C, 67. 74; H, 7. 39. Found: 
C, 67. 47; H, 7. 25 0 

15 JhfBSJ^it (V) \Z7jk-T £ h \Z.m<DW t lt© ( tr^[2-(v ? ^ 

f ^v^y ^)7xnyu]7tf uy(2 a b)|lov^T3iilt5. 2 
abll, ±J£ LfZfc&<to2 b b0^i:lfil«fftti5M6 6 % t? 

X H NMR (CDC 1 3 ): 5 0.46 (d, J = 3.9 Hz, 12H), 4.59 (m, 
20 2H), 7.30-7.40 (m, 4H) , 7.53-7.58 (m, 4H) „ 

13 C NMR (CDC 1 3 ) : 8 -3.65, 92.88, 127.50, 128.75, 
129.15, 131.62, 134.63, 139. 78 0 

29 Si NMR (CDC 1 3 ) : 8 -16.58. 

Anal. Calcd for C 18 H 22 S i z ■ C, 73. 40; H, 7. 53. Found: C, 
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73. 40; H, 7. 53. 

*%m<D^mttPc t Lt <D2, 7-v> * V * is-5, 5, 10, 10-T h 7 * 7^- 
5, 10- i? -> 7 -5, 10-v 5 t h'c^yf/[2, 1-a] << V x > ( 3 b ) £ ft #J 

ov>t, ±ibsj£5£ (v) ci^f £*TKHft§il1-<S. 

5 * T > fl^^ 2 b a (0. 92 g, 2. 07 mmol) *5 «fc T>* U f~ V J* (0. 06 g, 

8.7 mmol)©I^fe|CTHF (85 mL) £ flP ;L , 5 B# ft ^ ffi. T? %t W U 0 S 

10 JifS*Sis^£r, > V t> Jf^* 7 J» 7 n ^ y sf 7 ~7 J — tc J: «9 

0. 53 g (1. 50 mmol) (D g ft ^3 3 b ^iE^^ B ^ £ L T U m 7 2 ^ 

*H NMR (CDC 1 3 ): 6 0.43 (s, 12H), 3.84 (s, 6H) , 6.74 
L5 (dd, J = 2. 4 and 7.8 Hz, 2H) , 6. 85(d, J = 2. 4 Hz, 2H) , 7.47 (d, J 
= 7. 8 Hz, 2H) D 

13 C NMR (CDC 1 3 ) : 8 -3.14, 55.25, 110.21, 112.28, 
131.19, 132.98, 151.30, 161.46, 164. 79 D 
29 Si NMR (CDC 1 3 ) : 5 -1. 78 G 
20 Anal. Calcd for C 20 H 24 O 2 S i 2 : C, 68. 13; H, 6. 86. Found: 

C, 67. 97; H, 6. 86. 

\f 7 (->- v )V7 ^ =./v)r ± u ^mmwiztt-f 6 , y^^A± 

fAt Lt 05, 5, 10, 10-x h 7 * ^/^-5, 10- v 5 ^7-5, 10- i> t Kn^yf 
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/ [2,l-a]^fyf V(3 a)^t#fc^iJ(lo^T, JifSS^^ (V) Clo'l 

*f , V f- V A (132 mg, 19. 03 mmol) Jb* i t/ t 7 ^ U- ^ (2. 44 g, 
19. 04 mmol) ©THF^S (15 mL) £ £ fi T? 4 B# RQ Jf & ~f % £ £ K £ «9 , 

ab (1.40 g, 4.75 mmol) O T H F (10 mL)^i?ST'J0i, ■£ © $ s 
1 0 B#Wa£^^tt»tfe. 

L0 P-7 h^77^- ( — ^f- V) -e^t^-r 5 C t «t «9 , 0. 87 g(D*a 

£ j$ « * f* o * <b k: , - * f- v «t y> w m bb -r 5 c: <b m «t 0 0. 73 g 

(2. 51 mmol) <D S 3 a 5 3 %tife^| B t LT#fc„ 

* fc> rwfb-&t3 a (1, ftuyitfMb'^ 2 a a _LfSlb£-^ 3 

15 Jfcsj&tt: 6 1 %T*feo fdo 

J H NMR (CDC 1 3 ): 5 0.45 (s, 12H), 7.17-7.39 (m, 6H) , 
7.54-7.57 (m, 2H) „ 

13 C NMR (CDC 1 3 ) : 8 -3.42, 124.65, 126.23, 129.94, 
132.06, 140.48, 149.42, 163. 67 Q 
20 2 9 Si NMR (CDC1 3 ): 6 -0. 75 Q 

Anal. Calcd for C 18 H 20 S i 2 : C, 73.91; H, 6.89. Found: C, 
73. 72; H, 6. 86. 

^^T, (DffmttW t b X <D2, 7-i? 3 - K-3, 8-i? * V * */ - 

5, 5, 10, 10- 7 ^/^-5, 10- 7 - > 7 "5, 10- t FM^f; 
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[2, 1-aM l^f >(4 ) £#fc#Jf;iO^T, ±fB^j£5£ (V) icS<5£^T 

-fb^#>3 b (0.20 g, 0.57 mmol) © T H F (7 mL) sec- 

f ^A/^^D^^-fV/^^tV^jSiO.gS M, 2. 4 mL, 2.35 
5 mmol)^ - 7 8gt*lTLfc, 

_hf£^^tr- 78|^f>-2 5^£-e#;* #M& L & ^ <b 8B#Hg|f# 
Ufc^, HJ^^V^J- 1, 2-v> 3 — ^ >- (0. 67 g, 2.4 mmol) O T H F (5 
mL) 5 ^P^^ftT^T bTAD^L, £ K 3 O #8£# Lfc 0 

Sftg?-^ y v ^ t* u o 

^2)^Sg^t6: £ £ <Q % 47. 2 mg (0. 78 mmol) (D g 6tJ ^3 4 &#*Jit£ 
15 Ltt^l 7%t'f SCi^t'tfc. 

>H NMR (CDC 1 3 ): 8 0.44 (s, 12H), 3.92 (s, 6H) , 6. 72 (s, 
2H), 7.89(s, 2H,) 0 

13 C NMR (C D C 1 3 ) : 8 -3. 24, 56.18, 84.39, 108.30, 133.70, 
142.39, 151.31, 159.59, 164. 34 G 
20 2 9 S i NMR (CDC 1 3 ): 8 -0. 80 o 

iV^T, 5, 10-^v^7-> ? >'7-5, 10- v 5 t KB'f yfV [2, l-a]-f V 

U ((3, h i/-5, 5, 10, 10-x h7^ ?W-5, 10-*Sis7-5, 10- t K 

o 'f 7 [2, l-a] 7-v^-f ^)-co-[2, 5- \? * (2-^^vl^ df- 
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1 8 

Ddr^)^yify-l,4-^xf (5) <D & f& <D M £ > ±fS^^5t ( 

V) ^gffiLtWTCfftBM?). 

, 4 (50 mg, 0.084 mmolK 1, 4- t J* (2-^ x J\s ^ =*r 

is d ^ i/)-2, *}■ ~ /\"< 1/ M is (32 mg, 0. 084 mmol) % x h V * * ( 

M)7i=;l'*X7^y)A7^^(0) (9.7 mg, 8. 4 mmol) , *J «t Xfi 3 
^ {bis (3. 3 rag, 17. 22 mmol) 3/1 h/U-^> / /v?^y^ P C2t 0 yl-T5;^ 
(3.5 mL) 60fT'4 8 B$ffi2DjRft# L fc. 

PO*^A|:jg«$t, y * y — A" «fc <9 SttSft $ it 5 r i: Id £ <9 y 50 mg 
CO g mm 5 t UTilX^ 8 2 %-C#<5 C £ # T- # fc 0 

1 H N M R ( C D C 1 3 ) : 6 0. 47 (s, 12H) , 0. 89-0. 99 (br m, 
12H), 1.34 (br m, 16H), 1.80 (br m, 2H, ), 3.98 (br m, 10H), 6.82 
(s, 2H), 7.04 (s, 2H), 7.67 (s, 2H) . ft =f- & £r *K D * x U 

G P C (C «£ 9 Jkibtz^^:, ^ (D^-mft^Mii (Mn) fi % 37, 500T**>o 

ftfcJKl, J^i|SftLTCO, 1,4-fc** [(2-^P ^7 ;c - /u]-2, 5- 

ft#Jl-, 1, 4- v 5 :/ p ^E--2, 3 — > Is (1. 15 g, 2. 35 mmol) % 

~iM.it \f * ( h y y ~/U7js * 7 4 ls)s< v i? $ ^ (II) (33 mg, 47 mmol) 
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1 9 

„ *3 ck T>* 3 ? (18 mg, 95 mmol)©3/l F/vxy/h y xf /U7 ^ V 

(12 raL)©tl^^illStUT, x/U^yf y (90 mg, 

4. 98 mmol) CO 3/1 h/Wxy / h |j xf ^7 ^ y (9 mL) £ MUX'tiO X. 

, *<o% 4ija-c* i 2 B#r BJ m^ L/c 
kj£5£ (v i ) 



10 



15 



20 







iMe 2 OEt 



1) t-BuLi 

2) (Et 2 N)Me 2 SiCI 
* 3) EtOH/NH 4 CI 

;iM e 2 OEt 




EtOMe 2 Si EtOMe 2 Si' 
7 47% 

LiNaph 




Me Me 



8 91 % 
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>• » 

2 0 

^ ti tz & & m * << ^ if ^ «t 5 ?? ^ h b b -r ^ * t k «t t> . 1. 17 g a. 97 

mmol) (7) g 6 £ 6 ft Q t 8 4 t ^ # fc„ 

J H NMR (CDC 1 3 ) : 8 7.20-7.35 (m, 4H) , 7. 59-7. 65 (m, 4H) , 
7.83 (s, 2H) 0 

1 3 C NMR ( C D C 1 3 ) : 8 90. 81, 95. 00, 123. 57, 124. 47, 
125.59, 126.40, 127.02, 130.15, 132.54, 133.66, 136. 34 e 

Anal. Calcd for C 2 2 H 1 „ B r 4 : C, 44. 49; H, 1. 70. Found: C, 
44.42; H, 1.54 0 

j^t, ±%e.ib&m6 &m^x * &m*pmftt it©2, 5-t** {[2-(^ 

v- y AO-O-if (7)©^^f!lluOV>TiaP^t5„ 

S f , ^b-^^ 6 (0.50 g, 0.85 mmol) tf> T H F (35 mL) M b X , 
tert-y V f- V J*/^ (1. 6 M, 4. 3 mL, 6. 88 mmol) £ - 7 

8^T*^TLfc„ - 7 8 fiT? 2 LfcfK K Jfc i!S »C 

(N, N- v?^- f/l/7 5 J ) v 1 ^ ^/V ^ n n v- 7 V (1. 3 g, 7. 84 mmol) £ jJO X. 

^C0#, ;W7^=i-;v(i ra L, 17.13 mmol) & «fc t^*g-fk: T > * =■ V 

A (23 mg, 0.43 mmol) £ AP ;t N ^jfiTT'l 4B#P B 1fi#Lfco R JE& «R 4fe 

Lfc 0 
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2 1 

if. ^^rMBET^IiL, *s ]) jo ? ;V t> 7 J* 7 n -v h 7* 7 7 ^ — (5/1 
hexane/EtOAc) {Z i 9 ffiM Lfc„ f# £> *l & £ b I- # & G P C ( 

mmol) (D S &t) 

4b ^ 7 4 7 tt#5 £ i: &XZ tc 0 

'H NMR (CDC 1 3 ): 8 0.53 (d, J = 1.8 Hz, 24H), 1.22-1.27 

(m, 12H), 3.76-3.83 (m, 8H) , 7.32-7.41 (m, 4H) , 7.56 (m, 2H) , 

7.68 (m, 2H), 7. 85 (s, 2H) „ 

13 C NMR (CDC 1 ,): 5 -1.03, -0.85, 18.67, 58.87, 58.95, 

93.42, 94.90, 126.76, 127.50, 127.80, 129.28, 131.96, 134.28, 

137.65, 140.63, 141. 39 D 

29 S i NMR (CDC 1 a ): 6 6.29, 6. 36„ 

5, 7, 12, 14-7=- h 7 > 7 is? 7 [3, 2-b:3, 2~h] (1, 5- V t K o -s--f V 

^-fe^) (8)O^01J^|iiP^t5 o 

y ^ ^ A (81. 2 mg, 11. 70 mmol) <t 1/ t 7 ^ U ^ (1. 50 g, 11. 74 
mmol)©THF^i(20 mL) & m 28. X 4 fl#JW 5 - i t> V ^ $ A 

t7l/^U=K4HlLfc. r^ifgl^L, ft^ft7 (1.00 g, 1.46 
mmol) <D T H F (6 mL) £ ^ i& "C AD £ % 5 Lfc. 

tit, l^f«iilI^LT3-)i/THFii^JDx., ttV^T, 
^fP^^-a^-^hy^ATK^^^^Dx., i-7/Ka D tttil Lfc 0 #<b 
frfcm-T^Jf £ s ^CiNWHC U^I, ft v % X ffi ? a 4k 7 Jc T* Sfe 

7a^h7~77j-(5/l hexane/EtOAc) <fc 9 ffilfS :iCi9, 
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> ii 

2 2 

0.68 g (1.33 mmol)^ g 8 £ I& 9 1 % T* H II # £ lt#5 

l H NMR (CDC 1 3 ): 8 0. 49 (d, J = 3. 3 Hz, 24H) , 7.18-7.39 
(m, 4H), 7.47 (s, 2H) , 7.57 (m, 2H) C 
5 1 3 C NMR ( C D C 1 3 ) : 8 -3. 35, -3. 30, 124. 52, 126. 12, 

128.39, 129.97, 132.04, 140.48, 142.99, 148.04, 149.62, 163.00, 
163. 80 o 

2 9 S i NMR (C D C 1 3 ) : 8 -0. 90, -0. 60 o Anal. Calcd for C 3 
0 H 34 Si 4 : C, 71.08; H, 6.76. Found: C, 71.31; H, 6. 78 e 

lo m^^x, 3 a *5 £x*4k&m 8 <Dytm®.& ^tiiftim^tco ^-r 

, THF^C^ottSUV-visiblePillX^^^ h /Md & T , it&fy) 3 a 
*5 i IHb^^ 8 <D*RW.m±fc& ft, ^tfl^:tl3e0 nmfc i D*424 nm"?' & o 
fc. 

15 7t 0 -^tb^tLcD^^^^Wfejo J: t>*if fet'fc 19 , ^fh h <Di&%m±%L 
^(2426 nm*5 <£ T>*473 nm-efo <0 , mJt^WitffA t ttffl^ & t£ 

<b^^ 3 a (DPjfci&^efc t^ft@^)&Ste, if£lf 5f fe$rf t ^5, 10- 
£*fc K'n >f ^/^V [2, 1-aM «£ »9 ^ , 37 nm*5 i t>*64 nm >b tt ^ tt 

20 Mm&mvmx'h^tio 

( 1 ) 
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.. 2 3 



5 




y — /l-t/^^/v^tts, t y — a- t ^ ~ ^ g , r y — ^7yvdr-/vi 
y-^7/^/i^s, 7^-^fti, t u -^r^dr^f ti, ry- 

^ 7" /i- y = A- £ , 7 D "/i^7^^-^S^, T ;is * is g; , 7!)-;^ 
15 7y-^7;va#^S, 7 ; y 1, 117^1, »m^y/v 
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2 4 



fc*3. Tmttl ^5 0©tS:Hj it. m^H^5 Olt'Olt© 
5 fa *L $ ft 5 r £ L, r n tt 0 ~ 4 <£» ffi & <b 5 J tt. 

So 

io ±ib£»«s*S MEte Tta^^; (2) 



(C, TIEOxC ( 3 ) 



15 




(2) 



20 




R 



2 



(3) 



R 
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• 25 

[i£ (3) R 1 _ £>«fcl>*R 2 fi. ZtiZ:ti&±H^ . TKmW-^F, Tfr* 
A- g , T )V 3 * ^ g , T /U ^ ^"S, 7U-/H, 7!J-^t^->I 
, T V - ;is^*m, TP-^T/K/H, T y — A- T A- = ^ y £ , 7!) 
— IV T /Is 3r /L- *f~ 3r £ , T V — T A- >T =■ fls £ , T y ~ A- T A 3- ~ A' g , 

7^s, ii7^/i, ->y/n, «m->y^g, > y /u^-^^s, 

ti->!i^t^->i, 7Wk7;^^l, ^ feline 

•y^J^^^^L, £fc, R 3 tt, 7;^^S, T^^A-^^g, 7!)-^ 
T A- ^ A- g , 7 11-/^^1, 7!)-^7;^^fti, 7 U -/U7^ 
^-A'g, T V -'^T -J^m^, TA^dr^g, T V - 
, 7U-^7/^Jf->|, 7;7l, Ii7^7l, fi^^y^g, g 

7 * g , i^^;i'7 7 : t'f^s, y^^^^x^s, v'T/s, r y — 

^ 5„ 

5fci6fc, TI5it (4) 
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2 6 




(4) 



[5£ (4) R\ *3 £ R 2 (2 , ZtiZtilk&K., *m m*. Tfr* 

sum, T /I* T )V /u it £ , 7D-/H, 7y-/^^->I 

, 7 y -^f tl, 7P-/V7;^/H, 7!)-^7/i/3^^S, 7H 
— T 3r ^ ^ & , T V — /V T >V *r =■ £ , 75-^7^* = /H, 

7^/1, t^7^/s, ->y^£, t^^D^s, ^u/vt^vs, 

R 4 fi, T/i/^arixS, 7 11-/^^^1, 7!) 

-^7^3^^, 7^71, fi7?;s, g^v/y^s, ffi&v'y 

5 y 7;>^;i/S, r^a^^T/vdf/i/i, * A' 7 * £ , fit Ife ;* 7 £ 

0 ~ 5 0 <7) fit £ <h £ ] »CT^$tLS{b^4fe«rlftt)igb¥te^ LT-a^ 
, y u^ftlfoftsp^^^a:^, 1 0 3 ~ 1 0 8 oS^ttT-fc 5 w 
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•27 



5 



10 



15 




5£(7), (8), (9), (10), (11), *5 X Xf (12) 
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• 2 8 

Ar 1 - (7) 




Ar 5 X 2 (10) 

X 3 Ar 6 X 4 

X 5 (12) 



[5£ ( 7 ) ~ (12) Ar 1 , Ar 2 , Ar 3 , Ar 4 , Ar 5 , $5 X 

^Ar 6 (±, %tl?tl®L*L\ZL* 7'J-UyS, 2 Iffi <D It ^ Si S , £fcf*& 

mm&ffim&m'tz 2m<om^m u, x 1 , x 2 , x 3 , x 4 , ^.t^x 5 

tt, Zft^frmmz, -CR 4 = CR 5 -,-C = C- ,- N (R 6 ) -,- 
B (R 7 ) - , £ fc « - (S i R 8 R 9 ) q-£^L, R 4 *5 <fc 7J< R 5 « , ^ 
ix^-'tL^^^, tK^J^,^, T;v^r^m, 7!)-/H, Hffi <75 It ?!t St S , 

v'/vg , fi^/i^^r z/jvm, lf:liV7 7 2£ £r b, R 6 , R 
7 , R 8 , *5irj?R 9 «, ^tt-^n^3i}c, tR^^T-, r^^j^m, TV~ 

i facommmM, ^tc^r v — /i-ta^ a-s&^ l, o, p , 

tritlcj;!?, JhSEm£ffcWiS5383te3&^&*6*£Ufc£3:, _h IE fi -g- # go 
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■■ 2 9 

MZMfr-fZtitb^, TIE5*; (l 3) 



1 



5 




10 [5£ (13) * N R 1 % *5 «fc Tf R 2 ft , %tl^ft$ji±te.. 7km EL*. T/V 

*/v&, T/V=t*i/m, ii, 7U-^I, 7U-;^^v' 

£, T!)-;vftS, nJ-^7;K/vi, T U — /u T = 3r *s& , T 
V — /VTA"* /v^jrm, T V — /VT/vfr =./v&, T V — /v T /V * =■ /vm 

, 7?;i, w&T^sm, isv/vm, mm^v/vm, *>!) 
15 , m^^y v /v^r^r^m, i m<Dmmn&, -? y(tT/v*/vm, 

a f^m^* ^ R 4 «, T/V=2*^m, T V — /V** T 

20 7 ?;7;^^I, T^^^ri/T/U^/^S, * A- ^ S , 

X, 11^^77*^/^, y ^^^^X/l-a, •>7 7S, TU-/V& 

mte 0 ~ 5 0 (DM* t <0 , Y 3 , *5«tT>*Y 4 «, J: tl tl & ±L \Z. s 

A , t hHA, /ND^yftv^^-yn, ~? J? 'is & 1* T 
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" 3 0 

o»«mt5fc»l:s TIEift (14) 




(14) 



[5S (14) «K R\ £;J;z>*R 2 te, •^n^H^AKc, TKSfSJ^-^, T/v 
^■/l^S, T/^^^v-S, T sis * /Is ^ * M , 7!)-/H, Ty— /W^-=3r^> 

!l-/V7/^^f tl, 7 !i -/U7;i'^=;vS, 7 !) - ^7^^-^! 

, iivy/^^rVS, 1 iffi <D H if Si £ , 7y|k7/^/H, *fctt/> 
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7 5/ 7;^;H, T/i" =» ^ v'T/V^/^S, ^^7tS, tt^^7i- 
mtt 0 ~ 5 0 <T>m.* t K> , Y 5 , & «fc T>*Y 6 ft, ft ^ *L 3ft it * ad^' 

^ ® , ^ b ^ >- it t if % > t? a , r a- * /i' ^ -t> y *> ^ , ^pyvft 

**^ = ^2£, #b^K, * fcf*# d i/gg^x-r }cT*$ti 

±fB«/£{c<fcfttf s s£ ( l ) 5£ (4) Tf^$tuS«itS:^ri- S^k 
&m<DWi%\c\%. Jrfr h * $ A* it «t US (13) l^^tiSv'^^^ 

fe s vN«^®^-tt^ * /Wfcj§PJ ijLits r t m x t) s (14) $ 

*<D±* J& (1 3) fc3VM*5fc (1 4) f/T$^StB6SSrWt5^ 

9H*&WJ|6M£/H ^iiSt©, fe-SVNfi, 5£ (7) ~ (12) tc^ 

•TX 0 tSL\&<D=Z J -7— t <D# y -7 V IsiTKJ&lZ. «t 9 » * ( 4 ) -C'^£ft 
KJSS:A?*i-5fci6tc:, TIS^C (15) 
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3 2 



10 




SiR 1 RV 



SiR 1 RV 



1 2 2 

LSiR R Y 




(15) 



m 



1 2 1 

SiR R Y 



[5£ (15) 4>> Y 1 , *3 J: I>*Y 2 fi, ^ti^ti^tLiz., 7kmi%^-, 

y^/jf^, r/v-^^v-s, r A-^/t^^g, ry- 

, 7;^/i'S, T /I- => 3r g , . T /U *r > ^^S, 7U-/H, 7U 
t^r>>l, 7!)-^ftl, 7!J";V7/^^S, T !J .-/vj/i/n ^ 
£, T y — /u7;^/^tl, 7y-^7;^-M, 7!)-;i'7;^ 

7;;s, 1^7^/i, v-y^s, g^v-y^s, i/v^a- 
=¥^K, g^ix y /u^j-^f i^s, i <e <d ig n nt g , ^ vit t a* m , * 

fcfi^ n ^J^^ R 3 tt, tK^J^^, T/l-^/i-S, T^^^^^- 

7!l- jV7/\s*/vm, 7!J-^fti, T y — JV 7 ^- ^ , 

7U-/V7;u^-;vS, 7y-;i,7/^;yi-|^, T A- =< v- ^ , 7U 
— /l^^v'g, 7D-/V7/^^v'I, 7 gt&T^/E, g^ 

f - i/ y i? & , 7 % J 7 )\<$r 7 *ri/7 ^ /l^ £ , ^^7^- 
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* 3 3 

(Suffix it (13) (14)) ZvhmX 

, hu IE ^ (l) CTi^5M^#5 r i: *mWt Lt^5 0 
±IB^it^feT-«, 7P-/U7tf l^ylft^ftlt 7x^/V7tf 
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•34 

*&m<D&amnmn zn&j&^mw., ^^v^^mm 

te^^^ t/^ffl-c# ±5$ istzmmte&mm mm * &&&&& 
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"3 5 



i. gr^mmm* &&^mtfnte, rm<D^. en 



R 



2 




5 



n 



(1) 



10 [st (i) r 1 , fcit;R 2 it j&n-'enaia:^. tK*i^^, ta-^ 

/H, 7 /i' =» 3r £ , 7 A* A* =$- £ , 7!)-;H, 7!)-/^^v/| 
, 7y-;^ti, 7!l-/U7/i'*;H, 7!)-/V7^3^^S, 7!) 
-/V7;i'^/i'f"tS, T y — /v- 7 /u <$r =. >v £ , T y -/V7/i'^-/i'S l 

7^/i, it7^s, ii>>!i/n, ^y/v^-^^s, 

y^JF^^r^b, R 3 te, zki?^, 7;w*^£. 7 A- /i' ^ £ . 7U 
— ;i'7/i' ;J r/i / S, 7 V — A ^ £ , 7y-^7;^;^tl, 7 !) — A 
T/V^r=.;^m, 7!)-/V7^^=^i^, 7A=«3f*>£, 7y— Avj-^r 
*>£, T y — ;V7/1'3^>>1, 7;;S, I|7;;I, tt^>- y A£ 
20 , ff&-> y A^3r :X£, AP^ryg^, h !) 7/l/tn^^|, #A^ 

i^/H, 7^7/^/vI, 7A=* 2? i/7A^A£, *A7*£, 

^^7^1, it^/^T^^f/H, yv^^^-7/^s, ->7;i, 7 
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"36 



5 



10 




(2) 



3. #gt8i3&§! * #38: TIEco^; (3) 



15 




(3) 



WO 2004/018488 PCT/JP2003/010538 

" "3 7 

, 7!)-/V7;^^->l, 75/1, It7^/S, flv/yyH, fi 

5 /v-g, g&#/w^-f ^s, ^^yi, ti'f ?7S, t^t/y^;v 

:7*S, ^^^77^^^!, !)yix^7/H, isT/m, TV- 

io 4. ^mmmm * &&^mtf&n. rmx. u) 



1 



15 




/H, 7/vn^v'i, T^=5r/i-^^-S, T y - A- S , TU — /v^-^v-S 

20 , 7!)-/^tl, 7y-;l/7/^/l'S, 7y-;u7/l'3^->|, TV 

— jv t iv * iv * s , t v — /i- t tVr =■ iv a , r y — /V T IV * ~ tv m , 
y /t-^-^r 1 ffi&mmmm, ? y \kt ivm, iztcte^u 
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"38 

yi^ * > S , ? , h !l # ^ M , 

^yr^^/us, r ^ =» ^ t ^ ^ s , ^^7tl, a & * /i' 7 * g 

5 , 1*7^77^^/^, y ^Sf^^T'^S, isTSm, 7!J-;l'i, 

N at? y u^tfe^W^tspt&^^ftdS 1 O 3 ~ 1 0 8 ©i^frtfcS. 
10 T1E<7>:£ ( 5 ) 



15 




(5) 



T1B0>5£ (6) 



20 




10 
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7. mj£<Dmm%4^\^m<D&wifcUMK&'&mmimte. miss 

£-fM*, $ TmO^, ( 7 ) , (8), (9), (10), (11 

) , *5 «fc T>* ( 1 2 ) 

Ar^ (7) 



o 



Ar 2 X- 1 --^ Ar 4 - 



(8) 
(9) 



. Ar s x 2 (10) 

-X 3 Ar 6 X 4 < 11 > 

-X 5 (12) 



CSC (7) ~ (12) <£, Ar 1 , Ar 2 , Ar 3 , Ar 4 , Ar s , *3 J: 

15 t*Ar 6 te, ^rix^mfiiz:^, ry-^yl, 2ffi<^lt^iiS, ^fdfi^ 

IMiil^tt5 2«Oi^/Tt, X 1 , X 2 , X 3 , X 4 , *SJ;U?X 5 

ft, -^tV-en^^^, -CR 4 = CR 5 -,-C = C-,-N (R 6 ) 

B (R 7 ) - , * ft - ( S i R 8 R 9 ) q-£^L, R 4 *5 £ R 5 , * 

20 ^7/^>v';H I i^*^jJ-^^H, * fcfiv^T 7 &^7jk U, R 6 , R 
7 , R 8 , *5«tTJ«R 9 ft, ^rtb-^tL^^tc:, tK^^^-, T^^r/US, 7 !) - 

<tr>*qfi, * ft 4x301 1-1 2©tl^^t] 2>> <b & <bii 
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'4 0 

s. &mmn&K&&Gmtt&<o&&+mm*, Tte^: (i 3) 



5 




X, 7!i-/vftl, 7!)-/i'7;^/i'S, 7 y — /UT/> = * v-S, T 

, 7^1, f^7^;s, vu/vs, e&^y/vg, v-y^^g 

, gi^U^t^^I, 1 flfi <£> & 3[f SR S , 7»y{t7/^/H, ^/cfi^ 
15 n^^m^^r^U, R 4 te, 7/l'3^'>i 1 7!)-/^^r^S, T 

y-^r/vn^vs, 7 ; ; I, tt75;i, t»->y^S, 

7 5; / T A- =*r /V- K , 7 =J dp- T A* * >V £ , ^^7^-1, ff & * -7 * 

20 s, t^7A7 r as, y yftx^f/H, ^7/1, 7U-/H 

mfi 0 ~ 5 0 Ojit £ £ 0 , Y 3 , *5 <fc T>* Y 4 , -=£ tl ^ tl 3* ± . V ^ *7 
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9. £mmmmK&'&mmtfm<D&j&*pmtt;t* 



Tiest (14) 



5 




(14) 



[5£ (14) R\ *5it;R 2 li, tn^^SJ^ TkSfDf^, T/w 
y — zi'T/^^r^^^-S, T y — j^T/vfr 7U-^7;v^- = ;H 
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